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depths  77S  meters,  2492  meters,  4250  meters,  and  5180  meters,  correspond 
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above  the  bottom,  respectively.  Analyses  were  made  at  selected  frequen- 
cies in  the  band  from  10  Hz  to  400  Hz.  Signal  propagation  characterist- 
ics and  signal-to-noise  ratios  were  examined  as  a function  of  source-to- 
receiver  range,  receiver  depth,  and  frequency.  Bathymetric  or  changing 
water  mass  effects  on  the  sound  propagation  were  also  noted. » 
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ABSTRACT 

(U)  As  part  of  the  CHURCH  ANCHOR  Exercise  conducted  in  the  central 
Northeastern  Pacific  Ocean  during  August  and  September  1975,  the  received  signals 
from  underwater  explosive  sources  (SUS)  detonated  at  a nominal  depth  of  18  meters 
were  analyzed  for  signal  propagation  measurements.  The  signals  received  at  four 
hydrophones  were  detected,  digitally  sampled  and  processed  on-line  by  a digital 
mini-computer  system  aboard  the  Research  Platform  FLIP,  The  four  hydrophone 
depths,  775  meters,  2492  meters,  4250  meters,  and  5180  meters,  correspond  to 
depths  near  the  sound  channel  axis,  a depth  roughly  midway  between  the  axis  and 
the  critical  depth,  near  the  critical  depth,  and  142  meters  above  the  bottom, 
respectively.  Analyses  were  made  at  selected  frequencies  in  the  band  from 
10  llz  to  400  Hz.  Signal  propagation  characteristics  and  signnl-to-noise  ratios 
were  examined  as  a function  of  source-to-receiver  range,  receiver  depth,  and 
frequency.  Bathymetric  or  changing  wster  mass  effects  on  the  sound  propagation 
were  also  noted. 


I INTRODUCTION 

(11)  The  CHURCH  ANCHOR  Exercise,  which  was 
conducted  in  the  central  Northeastern  Pacific 
Ocean  during  August  and  September  1973, 
included  concurrent  measurements  of  undorwater 
acoustic  propagation  and  oceanic  environmental 
parameters.  The  plans  and  objectives  for  this 
exercise  are  given  in  Reference  1.  A 
discussion  of  the  types  of  data  acquired  and 
some  of  the  general  results  are  summarized  in 
Reference  2,  An  extensive  analysis  of  the 
sound  velocity  conditions  existing  during  this 
exercise  are  reported  in  Reference  3. 

(11)  This  report  deals  only  with  those 
segments  of  acoustic  propagation  data  resulting 
from  measurements  made  at  receiving  station  B 
which  was  the  Research  Platform  FLIP  operated 
by  the  Marine  Physical  Laboratory.  The 
location  of  FLIP  together  with  tho  location  of 
other  receivers  and  the  main  track  for  source 
deployments  is  shown  in  Figure  1.  Figure  2 
shows  a cross  section  along  this  track  giving 
receiver  locations,  bathymetry  and  source  speed 
structure,  Tho  propagation  results  for  the 
other  receivers,  mostly  ACODAC's,  are  given  in 
Reference  4. 


(U)  Throe  types  of  SUS  charges  were  used 
along  this  north-to-south  propagation  run.  For 
the  southern  portion  of  the  run  where  SUS 
charges  were  deployed  from  the  USNS  SILAS  BENT, 
a pattern  of  threo  different  detonation  depths 
were  usod,  A MK-61  SUS  set  for  244  meters 
(800  feet)  was  detonated  first,  followed  one 
minute  later  by  a MK  82  set  for  91  meters 
(300  feet),  and  which  was  followed  one  minute 
later  by  a MK  61  set  for  18  meters  (60  feet). 
This  pattern  of  three  detonation  depths  was 
repeated  every  five  minutes.  Gaps  in  the 
pattern  occurred  on  the  hour  to  facilitate 
ranging  and  shot  identification.  The  nominal 
range  intervnl  botwoen  shots  at  similar  depths 
was  approximately  one  nautical  mile.  For  the 
aircraft  portion  of  the  run,  a shot  was  dropped 
every  minute,  alternating  between  the  91  motor 
SUS  and  the  18  metor  SUS,  and  the  nominul  range 
interval  for  similar  shot  depths  was  eight 
nautical  miles.  Although  a)'  the  data  are 
judged  to  bo  of  good  quality,  this  report  deals 
only  with  the  final  analysis  of  the  18  motor 
SUS  deployod  by  eithor  the  BENT  or  the 
aircraft. 

(U)  Signals  from  these  SUS  as  received  at 
four  sensors  of  the  MPl.  hydrophone  systora,  at 
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depths  of  77$  meters,  7492  meters,  42SO  meters, 
and  SI  SO  meters,  mere  detected  end  subjected  to 
on-line  digital  sampling  and  spectral  analysis 
using  fast  Fourier  transform  techniques.  These 
digitally  recorded  spectral  data  were  subjected 
to  further  post-caerclse  processing  to  yield 
propagation  loss  and  signal-to-noise  ratios 
versus  range  for  various  one-third  octave  and 
octave  frequency  bands  covering  the  total  hand 
from  12. S Mi  to  400  Hi. 


II  MMtMrt  Of  M MILTS 

(II)  Steamer  tied  hr|o*i  are  the  observations 

at*l  conclusions  regarding  signal  propagat  ion 
loss  and  sigrul-to-notse  ratio  cbarael  eri  st  u 
and  dependencies. 
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111)  General  Hangr  Dependence, 

from  depths  near  the  a»l«  to  near 


2 

UNCLASSIFIED 


Ml  trnvc.r* 

the*  bof  txm 


figure  r.  i u;  cros-  section  or  Primary  Source  Track  Showing  Receiver 
Locations,  Hydrophone  Depths,  Bathymetry,  and  Sound  Speed  Structure 
(from  Ref.  3 and  Ref.  4).  iU) 


Morris 


SIO  Reference  76-10 


CONFIDENTIAL 


show  convergence  zone  propagation  effects. 
These  zonal  effects  are  most  prominent  at  the 
higher  frequencies  and  for  the  hydrophone  near 
the  critical  depth. 

(C)  Bathyaetry/Water  Mass  Dependence. 
Bathymetric  and/or  sound  speed  profile changes 
near  Pathfinder  Seamount  introduce  as  such  as 

7 dB  additional  propagation  loss  for  SUS 
charges  detonated  north  of  the  seamount.  This 
increased  propagation  loss  is  most  evident  for 
frequencies  of  100  Hz  and  greater.  For 
frequencies  of  50  Hz  and  less,  a decrease  in 
propagation  loss  (anomalously  strong  received 
signal)  by  as  much  as  10  dB  is  observed  in  the 
vicinity  of  the  seamount  peak. 

(C)  Receiver  Depth  Dependence.  The  sensors 
with  the  least  propagation  loss  show  a range 
dependence.  At  short  ranges,  to  about 
ISO  miles,  all  four  sensors  show  about  the  same 
propagation  loss.  The  near  bottom  sensor  shows 
the  greatest  increase  in  loss  with  range,  such 
that  at  ranges  greater  than,  about  200  miles 
this  sensor  has  the  highest  propagation  loss. 
At  ranges  from  250  miles  to  500  miles,  the  near 
critical  depth  sensor  exhibits  strong 
convergence  zone  propagation,  and  its 
propagation  loss  in  a zone  is  often 

8 dB  to  10  dB  less  than  that  measured  by  the 
two  shallower  sensors.  At  ranges  beyond 
500  miles,  the  receiver  at  2492  meters  shows 
the  least  loss. 

(C)  Frequency  Dependence.  The  minimum 
propagation  loss  occurs  at  160  Hz.  Above 
160  Hz  the  loss  increase-  with  frequency  due  to 
^t.-nuatirn  of  sound  in  the  sea.  Below  160  Hz 
c loss  increases  with  decreasing  frequency 
due  to  sutlsce  image  interference  or  Lloyd 
mirror  effects.  Attenuation  coefficients  were 
determined  for  frequencies  above  SO  Hz.  The 
coefficients  follow  the  relationship: 

o(f)  ■ 0.0676f2 

where  f in  frequency  in  kilohertz  and  a(f)  is 
the  attenuation  coefficient  in  dB/km.  The 
attenuation  is  approximately  one-half  that 
predicted  by  the  Thorp  equation  or  that 
measured  in  the  Atlantic  Ocean  or  Mediterranean 
Sea.  The  image  interference  effect  is  similar 
to  that  calculated  for  rays  departing  the 
source  at  *7.3  degrees.  The  maximum  observed 
difference  of  this  effect  with  frequency,  from 
10  Hz  to  160  Hz,  is  16. S dB  whereas  the 
calculated  difference  is  21  dB. 

Sign*  1-to-Not  se  Ratio  (S/N)  Summary 

(C)  Receiver  Depth  Dependence.  The  sensor 
with  the  greatest  S/N  shows  a strong  unge 
dependence  also.  At  ranges  out  to  reuut 
ISO  miles  to  200  miles,  the  tuaar  bott*u 


receiver  typically  has  the  greatest  S/N  while 
the  axis  receiver  has  the  smallest  S/N.  At 
intermediate  ranges  of  250  miles  to  500  miles, 
because  of  the  strong  convergence  zone 
propagation,  the  near  critical  depth  receiver 
has  S/N  values  which  at  times  are  10  dB  greater 
than  the  S/N  for  the  other  receivers.  This  S/N 
advantage  of  the  near  critical  depth  sensor 
diminishes  with  range  so  that  beyond  750  miles 
range  the  2492  meter  sensor  has  the  highest  S/N 
ratios.  Of  the  two  shallower  sensors,  the  one 
at  2492  meters  has  S/N  ratios  that  are 
typically  3 dB  to  5 dB  greater  than  that  of  the 
sensor  at  775  meters. 

(C)  Frequency  Dependence.  For  the 
775  meter  an3  2492  meter  sensors,  the  maximum 
S/N  values  occur  at  400  Hz  at  short  ranges. 
With  increasing  range,  the  frequency  at  which 
the  S/N  is  a maximum  shifts  downward  to  160  Hz. 
For  the  4250  meter  sensor,  the  maximum  S/N 
values  occur  at  250  Hz  and  shift  to  160  Hz  as 
range  increases.  For  the  5180  meter  sensor, 
the  maximum  S/N  values  occur  at  160  Hz  for  all 
ranges.  Below  160  Hz  there  is  a decrease  in 
S/N  ratio  with  decreasing  frequency  for  all 
hydrophones  and  ranges.  This  decrease  below 
160  Hz  results  from  increased  propagation  loss 
with  decreasing  frequency  due  to  the  surface 
image  interference  effect. 

(U)  The  source  levels  of  these  shallow  SUS 
decrease  with  increasing  frequency. 
Normalizing  the  S/N  ratios  to  equal  values  of 
source  levels  at  all  frequencies  would  shift 
the  frequency  at  which  the  maximum  S/N  values 
occur  to  frequencies  higher  than  those  actually 
observed. 

Special  Comments  Regarding  Results 

(C)  Many  of  the  observations  and 
conclusions  resulting  from  analysis  of  these 
SUS  propagation  data  taken  with  the  FLIP  system 
are  in  agreement  with  those  reported  in 
Reference  4 which  were  observed  using  the 
AC00AC  systems.  Certainly  this  is  not 
surprising  as  the  signals  received  by  both  tho 
FLIP  and  ACODAC  systems  came  from  common 
explosive  sources.  However,  there  are  some 
differences  in  observations  and  conclusions. 
Some  of  these  apparent  discreponcios  can  he 
related  to  different  locations  of  the 
receivers,  particularly  differences  in 
hydrophone  depths  used  by  the  FLIP  and  ACODAC 
systems.  However,  many  of  the  differences  are 
due  to  system  overloads  experienced  by  the 
ACODACS  during  reception  of  high  level  signals. 
Much  of  the  data  at  short  ranges  and  at  the 
strong  convergence  zone  ranges  were  lost  due  to 
these  overloads.  As  a result  many  of  the 
conclusions  in  Reference  4 are  based  on 
propagation  loss  results  for  regions  between 
convergence  zone  peaks,  regions  where  the 
propagation  loss  i*  strongly  influenced  by  the 
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reflection  loss  characteristics  of  the  ocean 
bottom  as  opposed  to  the  transmission 
characteristics  of  the  ocean  medium  itself. 
Other  differences  between  the  conclusions  of 
the  two  reports  are  related  to  the  fact  that 
only  the  18  meter  SUS  were  analyzed  for  the 
FLIP  system  whereas  both  the  18  meter  and  the 
91  meter  SUS  were  analyzed  for  the  ACODAC 
systems. 

ill  DATA  ACQUISITION  SYSTEM  AND  CALIBRATION 

(U)  The  acoustic-receiver  system  deployed 
beneath  PI. IP,  which  was  in  a moored 
configuration  to  hold  station  and  minimize 
lateral  movement,  consisted  of  twenty 
hydrophones  distributed  vertically  in  the  water 
column.  Pour  of  these  twenty  sensors  were 
selected  for  the  on-line  SUS  data  acquisition 
and  processing.  Their  depths  and  relationship 
to  the  sound  speed  profile  at  this  site  are 
given  in  figure  5.  The  shallowest  sensor  used, 
77S  meters,  was  near  the  sound  channel  axis 
which  was  at  approximately  700  meters.  The 
next  shallower  sensor,  2492  meters,  was  midway 
between  the  axis  and  the  critical  depth  which 
was  4400  meters.  The  third  sensor,  4250  meters 
was  near  the  critical  depth  while  the  fourth 
sensor  at  5180  meters  was  142  meters  above  the 
bottom. 

(U)  The  individual  hydrophone  outputs  were 
PM  multiplexed  and  telemetered  to  FLIP  over 
double  armored  coaxial  cablos  as  shown  in 
Figure  4.  Aboard  FI. IP  the  signals  wore 
separated  according  to  the  I'M  carrior  frequency 
assigned  to  each  hydrophone,  demodulated,  and 
made  available  to  the  amplifier,  filtors,  and 
processing  unit. 

Ill)  The  details  of  the  acoustic  system 
calibration  are  discussed  extensively  in 
Reference  5.  The  sensitivities  of  the 


hydrophones  were  measured  at  U.S.  Navy 
Calibration  facilities,  the  Transducer 
Evaluation  Center  of  the  Naval  Undersea  Center 
and  the  Underwater  Sound  Reference  Division  of 
the  Naval  Research  Laboratory.  The  frequency 
response  and  gain  calibrations  of  the  FM 
modulators  and  demodulators,  amplifiers, 
filters,  and  digital  processor  were  calibrated 
at  MPL  by  inserting  wide-hand  white  noise 
signals  ir.  place  of  the  hydrophone  signal.  The 
calibration  factor  was  derived  from  the 
difference  in  voltage  levels  between  the  final 
processed  values  and  those  measured  by  a 
B 5 K Spectrometer  Type  2112. 

(U)  Reference  5 which  describes  an 
extensive  error  analysis  shows  that  by 
neglecting  potential  SUS  source  level  errors, 
the  errors  associated  with  the  acoustic 
receiving  system  can  be  expected  to  be  about 
1 dB  or  less  for  the  18  meter  SUS  propagation 
loss. 

IV  DATA  ANALYSIS 

(U)  The  data  analysis  consists  of  two  basic 
parts,  the  at-sea  on-line  processing  which 
produced  shot  and  noise  spectra  stored  in 
digital  format  on  magnetic  tape,  and  the 
post-exercise  processing  which  merge  these  data 
with  source-to-receiver  ranges,  source  levels 
and  calibrations  to  produce  the  final 
propagation  loss  and  signal-to-noise  ratio 
versus  range  plots. 

On-Line  Data  Processing 

(U)  The  on-line  processing  began  with  the 
shot  detection.  During  the  SUS  propagation  run 
tho  computer  continuously  sampled  all  four 
hydrophone  outputs  into  a circular  buffer. 
Simultaneously,  the  analog  signals  from  the 


Figure  1.  (V)  Sound  speed  Pro- 
file and  Itifilrophotir  Dept  hit  at 
Rocaiving  star  ion.  (VI 
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Figure  4.  IU)  Block  Diagram  of  SUS 
Propagation  loss  Data  Acquisition 
and  On-Line  Processing  system.  (U) 


four  channels  were  low-pass  filtered  to  remove 
transients  find  passed  to  a threshold  detector. 
When  the  level  of  any  of  the  four  channels 
exceeded  the  threshold,  the  triggor  activated, 
dumping  the  contents  of  the  c. rcular  buffer 
into  a sampling  buffer  and  sampling  of  the  shot 
began.  The  clock  time  to  the  nearest  second 
was  also  read  and  logged  as  a heading  for 
identification.  In  the  event  of  a false 
trigger  the  operator  could  stop  the  sampling 
and  re-initiate  the  shot  detection  process. 

(U)  The  four  hydrophone  channels  were 
sampled  by  the  analog-to-digital  converter. 
Each  channel  was  sampled  at  a frequency  of 
900  samples  per  second  and  double  buffered  onto 
a 64,000  word,  fixed-head  storage  disk.  Ihe 
total  sampling  time,  which  was  limited  by  the 
disk  capacity,  was  13.7  seconds  resulting  in 
49.152  data  points  for  each  shut.  Once 
sampling  was  completed,  the  data  were  read  from 
the  disk  in  blocks  of  1024  samples,  fast 
Pourier  transformed  (PFT1,  squared  and 
accumulated  for  the  12  data  blocks  for  each 
channel.  The  resulting  S'IS  signal  plus  noise 
spectra  covering  the  frequency  band  up  to 
450  Mi  with  a frequency  resolution  of 
approximately  0.9  Hi  were  stored  on  digital 
magnetic  tape  together  with  heading  information 
of  data  and  time.  These  spectra  were  displayed 
for  approximately  10  seconds  on  a video  CRT 
device  for  monitoring  by  the  operator. 

(U)  between  shots,  noise  spectra  were  taken 
utiliiin?  the  same  sampling  and  processing 
techniques  by  manually  triggering  the  detection 
system. 

i’ost-l  sere ise  Uaia  Processing 

(U)  The  first  phase  of  the  posl-eserc i se 
processing  consisted  of  identifying  the 
recorded  spectra  as  to  whether  they  were  for  an 
18  meter  SUS,  91  meter  SUS,  244  meter  SUS,  or 
noise.  Where  doubts  as  to  tdcntttv  a-osc, 
individual  spec  I r.i  were  plotted. 


Identification  was  easily  made  from  the 
different  bubblc-puise  frequency  patterns 
associated  with  the  different  SUS  detonation 
depths. 

(U)  The  receiveu  shot  spectrt  often 
contained  signals  other  than  those  from  the 
SUS.  CW  transmission  runs  were  being  conducted 
simultaneously  with  the  SUS  transmission  runs. 
An  example  of  a 58  II;  CW  tone  contained  in  a 
shot  spectrum  is  shown  in  figure  5.  Also 
certain  machinery  tonal  frequencies  radiates! 
from  PUP  were  received  at  the  hydrophones. 
Prior  to  any  further  processing  these  tonal 
lines  were  detected  and  removed  from  both  the 
received  shot  energy  plus  noise  energy  spectra 
and  the  noise  energy  spectra. 
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(II)  For  the  18  meter  SUS,  the  total 
received  shut  energy  plus  noise  energy  ami  the 
total  noise  energy  were  integrated  in  standard 
1/3-octave  and  octave  bands.  The  filter  bands 
used  were  ideal  (not  physically  realizable  for 
analog  filters)  in  that  they  passed  all  energy 
between  the  Uniting  frequencies  and  no  energy 
from  outside  these  frequencies.  Such  idealized 
filters  are  the  same,  however,  us  those  used  by 
(la spin  and  Shuler  (Reference  6)  for  determining 
SUS  source  levels.  In  each  of  these  frequency 
hands  the  received  SUS  energy  determination  was 
made  by  subtracting  the  noise  energy  from  the 
SUS  signal-plus-noise  energy.  Signal-to-noise 
ratios  (S/N)  were  determined  by  dividing  this 
SUS  energy  by  the  noise  energy. 

(Ul  The  output  from  the  spectral  processing 
was  combined  with  source-to-  receiver  range 
information  (from  a digital  tape  containing 
date,  time  and  range  information  supplied  by 
the  Naval  Oceanographic  Office),  with  the 
hydrophone-  processing  system  calibration,  and 
with  source  level  information  to  produce 
propagation  loss  and  signal-to-noise  ratio 
versus  range  values. 

(U)  The  explosive  source  levels  for 
1.8  pound  SUS  charges  detonated  at  a nominal 
depth  of  18  meter  were  obtained  from  Gaspin  and 
Shuler  (Reference  6).  Small  corrections  were 
made  to  the  source  levels  because  of 
differences  in  actual  detonation  depth  from  the 
nominal  18  meter  depth.  The  statistics 
regarding  the  actual  detonation  depths  and  some 
of  the  source  level  correction  factors  ore 
given  in  Reference  7.*  The  source  levels  used 
are  given  in  Table  I.  there  octave  source 
levels  were  not  specifically  listed,  the  levels 
were  obtained  by  summing  the  energies  in  the 
appropriate  1/3-octave  frequency  bands. 

(II ) The  propagation  loss  and 
signal-to-noise  data  were  subject  to  two 
editing  processes  prior  to  final  plotting. 
First  editing  of  the  data  was  performed  on  the 
computer  on  the  basis  of  slgna  l-to-iiol  sc  ratio 
(S/N).  If  for  a particular  hydrophone  and 
frequency  band,  the  S/N  ratio,  using  the  noise 
measured  just  prior  to  the  SUS  detection,  was 
less  than  0 dB  then  the  propagation  loss  and 
S/N  values  were  rejected.  Plotting  of  the  data 
after  this  initial  editing,  however,  revealed 
some  data  points  which  appeared  to  be 
anomalous.  The  individual  raw  0.9  lit  spectra 
for  these  suspect  points  were  plotted.  Usually 
the  cause  of  the  anomaly  could  he  identified, 
and  the  anomalous  values  were  deleted  prior  to 
final  plotting.  These  anomalous  values  were 


* Nhere  depth  corrections  for  particular 
frequency  bands  were  not  given  in  Reference 
7,  those  provided  by  Reference  6 were  used.  It 
should  bo  noted  that  these  corrections  were 
at  most  1.0  dB  and  typically  amounted  to  only  a 
few  tenths  of  a dB. 


moro  prevalent  at  the  lowest  and  highest 
frequency  bands  where  the  S/N  values  were  lower 
than  those  at  tho  intormodiate  frequencies. 


TABI.I;  I (U) 

Source  l.evols  for  1.8  lh  17  meter  (5(>  ft) 
MK-61  SUS  (dB  re  1 erg/cm?/!!:  at  1011  yds).  (11) 


Band 

Center 

Frequency 

H: 

1/3- 

Octave 

Source 

Level 

Octave 

Source 

Level 

10 

24.4* 

12.5 

22.8* 

16 

20.5 

20 

19.  1 

25 

18.7 

31.5 

18.  1 

40 

16.9 

50 

16.0 

63 

15.5 

15.4 

80 

15. ! 

14.6 

100 

13.4 

13.  S 

125 

12.0 

160 

10.7 

200 

9.8 

250 

8.8 

315 

7.7 

400 

6.8 

•Estimated  from  spectral  plots 
of  Gaspin  and  Shuler. 


V.  DISCUSSION  OF  PROPAGATION  U)SS 
Genera  I 

(II)  The  propagation  loss  results  are 
plotted  as  functions  of  range  in  Appendix  A for 
the  following  hydrophone  depths:  77S  meters, 
2492  meters,  42S0  meters,  and  5180  meters.  The 
losses  for  seven  frequency  hands  are 
given;  octave  hands  at  12.5  liz,  25  II:  and 
50  Hz  and  1/3-octave  hands  at  100  Hz,  160  II:, 
250  Hz,  and  400  Hi.  Table  I!  provides  a 
sumnary  of  the  propagation  loss  values  in 
250  mile  range  segments  for  these  hydrophone 
depths  and  frequencies.  These  data  may  he 
examined  for  the  effects  of  sourer-to-rceciver 
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range,  bathymetry,  sensor  depth,  and  frequency 
on  the  propagation  loss.  To  some  extent  the 
effects  of  these  parameters  on  propagation  loss 
are  apparent  from  both  the  figures  and  the 
table.  Naturally  greater  details  are  contained 
in  the  figures  as  Table  II  represents  only  a 
subjective  summary. 

(U)  Note  in  plotting  the  closely-spaced 
ship  launched  SUS  (approximately  1 per  mile) 
the  data  are  shown  as  lines  connecting  the  data 
points.  Such  a representation  was  selected  to 
display  the  fine  details  contained  in  these 
data.  The  aircraft  launched  SUS,  which  were 
more  widely  spaced,  are  shown  as  individual 
symbols.  Note  also  that  the  110  dB  propagation 
loss  line  has  been  included  on  each  plot  for  a 
reference  level. 

(U)  The  effects  of  source-to-receiver 
range,  bathymetry,  receiver  depths  and 
frequency  on  propagation  loss  are  all 
interrelated;  however,  in  some  instances  it  is 
possible  to  discuss  these  effects  separately  in 
general  terms. 

Source-to-Receiver  Range  Dependence 

(U)  Since  the  range  dependence  of  each  loss 
curve  is  of  a complicated  nature,  any  simple 
discussion  or  comparison  such  as  that  given  in 
Table  II  will  be  some  what  subjective. 

(C)  The  most  prominent  characteristic  of 
the  range  dependence  is  the  convergence  zone 
focusing  effects  evident  for  all  hydrophones 
and  all  frequencies.  The  presence  of  zones  is 
denoted  in  Table  II  by  a range  of  loss  values. 
The  two  shallower  hydrophones,  775  meters  and 
2492  meters,  show  prominent  zonal  effects  out 
to  ranges  of  about  250  to  300  miles  at  which 
point  the  zones  begin  to  overlap  in  range.  The 
near  critical  depth  hydrophone,  4250  meters, 
shows  zonal  effects  out  to  much  greater  ranges 
with  some  effects  persisting  out  at  ranges 
beyond  7S0  miles.  For  the  near  bottom 
hydrophone,  the  zones  are  more  difficult  to 
define  because  of  the  high  propagation  loss, 
but  they  are  apparent  at  ranges  in  the 
250  mile  to  500  mile  interval  for  the  160  Itz 
data.  The  amplitude  of  these  zonal  effects, 
defined  as  the  difference  between  the 
propagation  loss  in  the  shadow  regions  or 
between  zones  and  that  in  the  convergence 
zones,  is  given  in  Table  III  for  the  range 
interval  from  100  miles  to  200  miles.  The 
hydrophone  at  4250  meters,  the  one  nearest  the 
conjugate  depth  for  these  shallow  shots,  shows 
the  greatest  extremes  in  loss  due  to  the  zonal 
effects.  The  effects  are  a maximum  at  250  Hz 
and  decrease  with  decreasing  frequency  for  all 
sensor  depths. 

(C)  At  short  ranges,  about  ISO  miles  and 
less,  all  sensors  show  about  the  same 
propagation  loss  values.  The  loss  for  the  near 
bottom  sensor  increases  more  rapidly  with 
range,  and  beyond  about  150  miles  its  loss  is 


clearly  greater  than  that  of  the  others.  At 
intermidiate  ranges,  from  ISO  miles  to  750 
miles,  the  propagation  loss  for  the  42S0  meter 
sensor  is  dominated  by  convergence  zone  effects 
which  cause  oscillations  of  up  to  30  dR  with 
range.  Beyond  the  distinct  convergence  zone 
regions  for  the  shallower  two  sensors,  ranges 
greater  than  300  miles,  there  is  little  range 
dependence  in  loss  for  frequencies  of  160  Hz 
and  less.  Frequencies  of  SO  Hz  and  less  even 
show  a local  maximum  in  loss  at  a range  near 
350  miles  with  some  slight  decrease  in  loss 
with  increasing  range. 

Bathymetry/Nater  Mass  Effects 

(C)  At  a source-to-receiver  range  of  about 
1100  miles  the  source  track  crossed  Pathfinder 
seamount.  At  about  this  same  range,  sec 
Figure  2,  the  sound  speed  profiles  also  changed 
abruptly  indicating  passage  into  a different 
water  mass.  Anomalous  propagation  loss  effects 
were  noted  at  this  range  and  because  of  the 
near  coincident  occurrence  of  the  bathymetric 
and  water  mass  changes  their  effects  cannot  he 
isolated.  Consequently,  these  anomalous 
propagation  loss  effects  occurring  at  and 
beyond  this  range  may  be  caused  by  either  or 
both  of  these  physical  changes. 

(C)  These  abrupt  changes  occurring  at  this 
range  of  about  1100  miles  are  most  evident  on 
the  loss  plots  for  the  two  shallower 
hydrophones  and  for  frequencies  of  100  Hz, 
160  Hz,  and  250  Hz.  Beyond  a range  of  about 
1100  miles,  the  propagation  loss  values  exhibit 
more  scatter  and  show  on  the  average  about 
6-7  dB  more  loss.  At  lower  frequencies, 
12.5  Hz,  25  Hz,  and  50  Hz,  the  hydrophone  at 
2492  meters  is  the  only  one  which  contains  any 
appreciable  information  at  these  long  ranges. 
The  most  prominent  anomaly  displayed  by  this 
sensor  at  the  low  frequencies  is  an  anomalously 
low  loss  value,  lower  by  about  10  dB,  occurring 
at  1117  miles  range.  This  loss  or  strong 
received  signal  may  be  due,  perhaps,  to  some 
sort  of  reflection  enhancement  of  the  signal 
caused  by  Pathfinder  Seamount. 

Receiver  Depth  Dependence 

(C)  The  propagation  loss  versus  range  plots 
for  the  two  shallowest  sensors,  775  meters  and 
2492  meters,  aro  quite  similar  in  overall 
character.  However,  the  -measured  loss  ut  the 
2492  meter  sensor  is  almost  always  less  than 
that  at  775  meters  by  about  2 dB.  The 
differences  in  propagation  losses  for  these  two 
sensors,  as  determined  from  the  values  of  Table 
II,  are  given  in  Table  IV. 

(C)  The  two  deeper  hydrophones,  4250  meters 
and  5180  meters,  show  strong  convergence  zone 
effects.  Of  all  the  sensors,  the  near  bottom 
phone  at  5180  meters  shows  the  greatest  loss, 
particularly  at  ranges  beyond  200  miles.  As 
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TABU:  111  (Ul 

Approximate  Amplitude  in  Decibels  of  Convergence 
2one  F.ffects,  Range  Interval  100-200  Miles.  (U) 


Hydrophone 

Depth, 

Meters 

Frequency,  Hz 

12.S 

25 

50 

100 

160 

250 

400 

775 

5 

A 

10 

IS 

22 

25 

20 

2492 

b 

9 

12 

16 

20 

2S 

20 

42SO 

12 

IS 

16 

20 

2S 

30 

25 

5180 

5 

10 

10-15 

10-15 

10-15 

10-15 

10 

TABU-  IV  (O 


I’ropagat  ion  Loss  at  775  Meter  Sensor  Minus  Propa- 
gation Loss  at  2492  Meter  Sensor  in  Decibels.  (U) 


Range 

Interval, 

Miles 

Frequency,  Hz 

12.5 

25 

50 

100 

160 

250 

400 

250- SOrt 

♦ 1 

0 

♦ I 

♦ 2 

♦3 

♦1  to  *2 

500-750 

♦ 2 

♦3 

♦4 

*2 

♦ 3 

*2 

750-1000 

♦3 

♦ 3 

♦4 

1000-1250 

♦4 

♦3 

♦1  to  *3 

1250-1500 

♦ 2 

♦ 1 

♦ 1 

1500-1750 

♦ I 

♦T 

2 

the  near  critical  depth  sensor,  1750  meters, 
shows  strong  convergence  tone  propagation,  its 
losses  when  measured  in  a zone  are  frequently 
10  decibels  less  than  those  measured  at  the 
shallower  sensors.  Between  convergence  zones, 
the  propagation  loss  for  the  4250  meter  sensor 
is  greater  than  that  for  the  shallower  sensors. 

Frequency  Dependence 

(II)  rhere  arc  two  frequency  dependent 
propagation  loss  effects  apparent  in  these 
data.  One  effect  is  range  dependent  and  is  due 
to  attenuation.  This  effect  is  most  apparent 
ia  the  400  llz  propagation  loss  data  for  the 
775  meter  and  2492  meter  hydrophones.  The 
other  effect  is  independent  of  range  and  is 
believed  to  be  caused  principally  by  the 
surface  image  interference  or  Lloyd  mirror 
effect  associated  with  these  shallow  sources. 
This  effect  is  most  apparent  at  the  low 
frequencies  and  is  the  constant  offset  in  the 
low  frequency  propagation  loss  curves.  For 
ex;imple,  in  the  range  interval  from  250  miles 
to  750  miles  the  2492  meter  sensor  shows  a 
propagation  loss  at  12.5  llz  that  is  6 dB  less 


than  that  at  25  llz,  which  in  turn  is  4 dB  less 
than  that  at  50  Hz. 

(C)  The  minimum  propagation  losses  are 
usually  observed  at  a frequency  of  100  llz.  At 
frequencies  greater  than  this,  the  loss 
Increases  with  increasing  frequency  due  to 
attenuation.  At  frequencies  less  than  160  llz, 
the  loss  increases  with  decreasing  frequency 
due  to  the  image  interference  effect. 

fU)  Attenuation.  The  total  propagation 
loss  may  be  considered  to  he  the  sum  of  n loss 
due  to  geometrical  spreading  of  the  energy  and 
a loss  due  to  attenuation.  This  is  true 
provided  the  boundary  effects  can  be  neglected. 
As  will  be  seen  later  a range  interval  has  hern 
selected  to  minimize  the  effects  of  the  ocean 
bottom  boundary.  In  this  context,  the 
attenuation  loss  will  include  the  effects  of 
absorption,  scattering  and  leakage  of  the 
energy  out  of  the  sound  channel.  The 
attenuation  coefficients  resulting  from  these 
measurements  should,  therefore,  he  considered 
to  be  "effective  attenuation  coefficients" 
which  include  all  of  these  frequency  dependent 
losses. 
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(U)  The  approach  used  is  to  assume  that  if 
the  geometrical  spreading  loss  can  be 
determined  and  subtracted  froa  the  total 
propagation  loss,  the  losses  that  remain  can  be 
assumed  to  be  due  to  this  ''effective 
attenuation."  The  technique  used  to  determine 
the  values  of  attenuation  coefficients  is. 
basically  the  same  as  that  used  by  Sheehy  and 
Halley  (1957).  This  method  uses  the 
propagation  loss  at  a low  frequency  for 
estimating  the  geometrical  spreading  loss 
instead  of  using  a theoretically  calculated 
loss  such  as  cylindrical  spreading  that  is 
cormonl*  useu.  The  measured  propagation  loss 
at  SO  Hr  was  used  as  the  reference  frequency 
for  this  analysis.  This  frequency  is 
sufficiently  low  so  that  the  attenuation  loss 
is  small  over  the  range  interval  of  interest. 
On  an  individual  data  point  basis,  tho 
propagation  loss  at  50  llz  war  subtracted  from 
the  measured  .>ropu>'-tlon  loss  at  other 
frequencies.  he  resulting  dlfforontlul 
propagation  less  was  then  fit  by  least  squares 
to  a ' in-ar  function  of  rango  of  tho  form: 


PL(f)  - T (SO  Hz)  = P0  * Pi  x ran8"  ♦ <•  (1) 


Thu  first  tem,/90  which  is  tho  zero-rango 
intercept,  yields  the  constrnt  offset  between 
the  piopcgacicn  loss  at  a frequency  a ,d  that  at 
50  Hz.  This  constant  which  >ields  the 
surface-image  interference  effect  will  b’ 
discussed  later.  The  second  constant,  , is 
a differential  attenuation  coefficient  which 
expresses  the  difference  in  attenuation  at  tho 
particular  frequency  anJ  that  at  SO  Hz,  or 


fli-aff)  a(50  Hz)  (2) 

where  a(f)  is  the  attor.uation  at  t.ic 

particular  frequenc)  and  «(S0)  is  that  at 
SO  Hz.  In  equation  U),  the  error  term  is 
given  by  t . 

(U)  These  differential  propagation  loss 

plots  and  the  associated  least  squares 

solutions  were  made  for  »requency  band, 
extending  from  10  Hi  to  400  Ms.  Tho 

differential  propagation  loss  plots  for  the 
1/3-octtve  frequency  bands  of  P0  Hz,  160  Hz, 

200  Hz,  250  Hz,  315  Hz,  and  400  llz  are  given  in 

Appendix  8,  The  results  of  all  the  least 

squares  solutions  for  the  hydrophones  at 

775  meters  and  2492  meters  are  suanarizvd  in 
Table  V.  The  deeper  hydrophones  were  not 
suitable  for  these  analyses  because  of  their 
strong  convergence  zone  propagation  and  also 
bec»'-;a  of  their  more  limited  range  coverage: 


(11)  As  mentioned  previously,  the  ocean 
bottom  boundary  can  contribute  a bottom  bounce 
propagation  path  to  the  total  transmitted 
energy.  To  eliminate  the  effects  of  the  strong 
convergence  zones  and  the  need  to  make  a 
bottom-bounce  path  correction,  no  data  at 
ranges  less  than  300  miles  were  used  in  the 
least  squares  solutions.  Similarly,  to 
eliminate  the  bathymetric/water  mass  effects 
occurring  at  ranges  beyond  1100  miles,  no  data 
from  beyond  this  range  were  used. 

(U)  Table  V lists  the  resulting 
differential  attenuation  coefficients,  the 
standard  error  in  the  attenuation  coefficient, 
the  standard  deviation  about  the  regression 
equation,  and  the  number  of  data  points  where 
differential  propagation  losses  were  available 
and  used  in  the  solution.  Those  coefficients 
that  do  not  satisfy  the  95k  confidence  limits 
(See  Draper  and  Smith,  1966)  aro  enclosed  in 
pu ronthosox.  Note  that  for  frequenc I os  less 
t hull  100  llz  only  two  coefficients  uro 
significant  at  the  95k  confidence  level. 

(U)  The  data  from  the  two  hydrophones  were 
assumed  to  provide  independent  estimates  of  the 
differential  attenuation  coefficients.  To  get 
a single  best  estimate  at  each  frequency,  the 
results  for  the  two  hydrophonos  were  combined 
according  to  an  invorse  variance  weighting 
scheme  (Davies,  1958).  The  best  solutions  or 
the  ones  with  the  smallest  variance  have  the 
greatest  weight  in  such  an  averaging. 

(U)  The  final  step  in  this  analysis  was  to 
determine  tho  value  for  the  attenuation 
coefficient  at  50  Hz.  This  was  accomplished  by 
assuming  that  the  attenuation  of  sound  in  the 
sea  in  this  frequency  rango  can  bo  expressed  in 
the  form  of 


a(f)  * kfn 

where  f is  frequency,  kilohertz  (3) 

k,  n uro  constants 


fhe  differential  attenuation  can  he  oxpio.sed 
in  the  same  form  minus  a constant 


~(f)  - a(0. 05)  * kfn  - k\  (4) 


Figure  6 shows  the  least  squares  solutions  to 
th;  weighted  ditfercntial  attenuation 
coefficients  Pr  the  cases  of  frequency  raised 
to  the  second  power  (n  » 2)  and  also  the 
three-halves  power  (n  ■ 3/2).  Both  are  good 
tits,  hut  the  data  conform  to  the 
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Frequency.  Hi 

too  200  300  «oo 


1.58  (Frequency.  kHz)2 


Figure  6.  (U)  Differer 
as  Aa  - a(f)  — a(5 0 Hz) 


frequency-squared  relationship  a bit  more 
closely. 

(U)  The  final  expression  for 
frequency-dependent  attenuation  is 

a(f)  = 0.0676  f2  (5) 

where  f is  frequency  in  kilohertz.  Equation 
(5)  yields  attenuation  coefficients  that  are 
approximately  one-half  of  thoso  predicted  by 
the  Thorp  equation  (Thorp,  1965,  1967).  These 
low  attenuation  coefficients  are  in  agreement 
with  results  reported  hy  l.ovott  (1975)  for 
750  Hz,  1500  Hz,  and  3000  Hz  CW  sources, 

(U)  Surface  Image  Interference  Effects. 

The  q term  o?  Equation  represents  the 

constant  offset  between  the  propagation  loss 
data  at  particular  frequencies  and  that  at 
SO  Hz.  This  J3q  term  describes  the 
frequency-dependent  loss  effects  that  are 
Independent  of  range. 

(U)  Calibration  errors  in  both  the  source 
and  the  receiving  system  could  manifest 
themselves  in  this  term.  However,  as  these 
frequency  dependent  effects  were  examined 
relative  to  a frequency  of  50  Hz,  only  relativo 
calibration  errors,  as  opposed  to  absolute 
level  errors,  will  appear  in  the  /3q  term.  For 
example,  the  receiving  system  has  a nearly  flat 
spectrum  responso  over  the  band  of  frequencies 


Frequency.  Hi 


)00  200  300  400 


:ial  Attenuation  Plotted 
» kcP  - k':  n » 3/2.2  (U) 


considered  here.  There  are  slight  departures 
of  1 to  2 dB  from  a perfectly  flat  frequency 
response  at  the  extreme  ends  of  the  10  Hz 
to  400  Hz  band.  However,  these  effects  are 
well  known  and  corrections  were  made.  While 
the  source  levels  as  given  by  Gaspin  and  Shuler 
are  well  documented,  source  level  determination 
by  several  different  laboratories  do  show 
disagreement.  (Reference  13).  The  possibi lity 
that  source  level  errors  relative  to  50  Hz  are 
contained  in  this/Jp  term  cannot  be  discarded. 
(C)  The  /3q  terms  resulting  from  the  least 
squaros  solutions  are  shown  plotted  versus 
frequency  In  Figure  7,  The  rosults  for  the  two 
hydrophones  arc  in  excellent  agrocmcnt.  Thoso 
values  below  the  0 dB  fiducial  lino  indicate  a 
loss  that  is  greator  than  that  at  50  Hz.  Those 
values  above  tho  0 dB  lino  indicate  a loss  that 
is  less  than  that  at  50  Hz.  From  the  data,  the 
minimum  loss  can  be  seen  to  occur  in  the 
160  Hz  to  200  Hz  region.  The  maxima  and  minima 
of  the  image  interference  pattern  for  plane 
waves  propagating  in  an  isovelocity  ocean 
depond  upon  the  source  depth,  frequency  nnd  the 
ray  departure  angle  from  the  source  (see  Urlck, 
1967,  p.  110-112).  For  a 55  foot  deep  source, 
a minimum  loss  at  175  Hz  occurs  for  rays  with 
departure  angles  from  the  source  of 
+7.3  degrees  (measured  from  the  horizontal). 
The  calculated  image  interference  pattern  for 
these  rays  is  given  by  the  solid  line  in  Figure 
7.  Tho  calculated  and  measured  effects  are  in 
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reasonable  agreement  although  the  total 
magnitude  of  the  effect  is  greater  for  the 
calculated  values  than  for  the  measured  values. 
The  total  magnitude  of  the  calculated  effect  is 
21  dB  whereas  the  measured  effoct  is  only 
16.5  dB. 


Fit;.  7.  (10  Comparison  between  observed  Range 
independent  frequency  Effects  on  Propagation  Loss 
and  Calculated  Surface  Image  interference  Effect. 
Qbservt'd  Values  at  Hydrophone  Depths  0 -775 

Motors,  A-2492  Meters.  Calculated  Surface 

Image  Interference  Loss  for  7.3  Degree  Ray  and  55 
foot  Source  Depth.  (U) 


VI  DISCUSSION  OF  SIGNAL-TO-NOISE  RATIOS 
Gene  ra 1 

(II)  In  calculating  the  signal-to-noise 
ratios  (S/N)  there  are  two  effects  which  must 
ho  considered.  First,  during  this  signal 
transmission  study,  ships  passed  close  to  the 
receiving  station  raising  the  noise  level  by  as 
much  as  20  dB  above  the  ambient  level  at 
certain  frequencies.  Second,  there  were  times 
when  amplifier  gains  were  sot  low  to  avoid 
overloading  by  strong,  received  shot  signals 
and  the  limiting  noise  was  not  ambient  but 
instead  was  electronic  system  noise.  This 
system  noise  limit  was  more  prevalent  at  short 
ranges  where  strong  convergence  zone  effocts 
produced  received  signal  levels  as  much  as 
•to  dB  over  ambient  noise  levels.  This 
system-noise  limitation,  which  is  a dynamic 
range  limitation,  was  further  compounded  by  the 
fact  that  the  deeper  SllS,  91  meters  and 
244  meters,  were  interspersed  with  these 
IB  meter  SllS.  At  times,  these  deeper  SUS 
produced  received  signals  which  wero  20  dB 
greater  than  those  produced  by  the  shallower 
SUS. 

(U)  These  effects  of  nearby  passing  ships 
and  system  noise  were  identified  and  edited 
from  the  ambient  noise  data.  The  remaining 
ambient  noise  information  was  averaged  for  each 


particular  hydrophone-frequency  combination  and 
used  in  calculating  the  S/N  ratios.  In  effect, 
the  data  presented  are  signal-to-average 
ambient  noise  levels.  The  average  ambient 
noise  levels  are  givon  in  Table  VI. 


TABLE  VI  (C) 

Average  Ambient  Noise  Levels  for 
Signal-to-Noise  Ratios  Determi- 
nations During  SUS  Propagation 
Run.  (U) 


Frequency 

Band 

Hz 

Average  Ambient  Noise 
Re  IpPa 

Levels, 

Depth  in 

Meters 

775 

2492 

4250 

5180 

Octave 

12. S 

79.7 

77.8 

76.0 

69.0 

25 

82.3 

80. 1 

77.9 

69.4 

50 

83. 1 

81.2 

79.4 

70.4 

1/3  Octave 

100 

77.9 

75.8 

73.6 

63.5 

160 

69.0 

67.9 

66.8 

58.5 

250 

63.0 

62.7 

62.5 

56.0 

400 

58.0 

58.6 

59.2 



54.2 

(U)  The  S/N  ratio  versus  range  plots  are 
given  in  Appendix  0.  As  was  the  case  for  the 
propagation  loss  versus  range  plots,  a summary 
of  the  S/N  data  is  given  in  tabular  form,  Table 
VII. 

(U)  In  addition  to  the  S/N  ratio  plots  for 
individual  hydrophones,  differences  between  the 
hydrophones  were  also  computed  and  plotted 
versus  range  in  Appendix  D,  These  plots  give 
the  S/N  ratio  for  a hydrophone  minus  that  for 
the  near  axis  hydrophone,  775  meters.  Positive 
valuos  occur  where  the  S/N  ratio  for  a 
particular  phone  is  greater  than  that  for  the 
near  axis  phone. 

Sourc  o - 1 o- Roc  elver  Range  Dependence 

(11)  As  averaged  ambient  noise  levels  were 
used  for  calculating  the  signal-to-mu  se 
ratios,  the  range  dependence  for  these  ratios 
will  be  the  same  as  for  propagation  loss.  As 
was  the  case  for  propagation  loss,  the  s/\ 
versus  range  plots  are  of  a complicated  nature, 
particularly  at  short  ranges  where  strong 
convergence  zone  effects  are  prominent. 
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TABLE  VII  (C) 

SuauBary  of  Signal-to-rAverage  Noise  Ratios  in  Decibels  for  18  Meter  SUS.  (U) 


Hydrophone 

Depth 

(Meters) 

Range 

Interval 

(Miles) 

775 

60-250 

250-500 

S00-7S0 

750-1000 

1000-1250 

1250-1500 

1500-1750 

2492 

60-250 

250-500 

500-750 

750-1000 

1000-1250 

1250-1500 

1500-1750 

4250 

60-250 

250-500 

500-750 

7SO-10OO 

1000-1250 

1250-1500 

1500-1750 

5180 

60-250 
250- S00 
500-750 
7S0-100Q 
1000-1250 
1250-1500 
1500-1750 

frequency  (lit) 


12-0  (Z) I 12-0  (Z) 


12-0  (Z)  4,  '>  (Z)  .12-2  (Z)  33-3  (Z)  38-7  (Z) 

3 13-0  (WZ)  16  (WZ)  17  (WZ)  16*12 

2 6 14  16*12  12-7 

6 13  12-10 

S-l  12-8  12-7 

1 7 5 

1 6 5 


17-0  (Z)  15-0  (Z)  24-0  (Z)  31-0  (Z)  33-6  (Z)  37-5  (Z) 

5 6 11  19  20  18-12 

7 6 11  18  18  12-8 

6 S 12  17  16  8-6 

3 3 10  16-10  14-8 

3 8 6 

2 7 5 


40-2  (Z) 
35-5  U> 


20-0  (Z)  20-0  (Z)  28-0  (7.) 

16-0  (Z)  17-0  f Z)  24-0  (Z) 

10-0  (Z)  12-0  ( Z)  18-0  (Z) 

4 3*0  1 0-0  (WZ 


18-0  (Z)  24-5  (Z) 

10-0  (WZ)  12*4 


28-2  (2)  29-1  (2)  40-0  (2)  40-6  (2)  37-5  (2)  33-7  (Z) 


Distinct  convergence  tones. 

Weak  convergence  tones. 

Denotes  a decrease  with  range  fro* 
highest  to  lowest  value. 

Sparse  scattered  data  for  only  strong 
signals;  lo-vr  S/N  ratios  unavailable. 
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Receiver  Depth  Dependence 

(tl)  The  dependence  of  S/N  ratio  on  leceiver 
depth  is  summarized  in  Tablo  Vtl. 

(0)  At  short  ranges,  particularly  out  to 
about  150  miles  to  200  miles,  the  S/N  ratio 
exhibits  a clear  depth  dependence.  At  most 
frequencies,  the  deepest  hydrophone  has  the 
highest  S/N  with  the  shallowest  hydrophone 
(775  meters)  having  the  lowest  S/N.  This  depth 
advantage  of  the  deepest  sensor  is  at  a maximum 
at  a frequency  of  100  Hz,  and  the  advantage 
diminishes  at  frequencies  higher  than  this.  At 
400  llz,  the  deepest  sensor  has  the  lowest  S/N 
values  while  the  other  three  sensors  are 
roughly  equivalent. 

(C)  At  intermediate  ranges  of  250  miles  to 
7S0  miles,  the  near  bottom  sensor  clearly  has 
the  lowest  . S/N  values.  Tho  two  shallower 
hydrophones,  775  meters  and  2492  meters,  do  not 
show  strong  convergence  zone  effects,  and  the 
S/N  values  are  relatively  constant  with  range 
showing  only  a modest  scatter.  This  is  in 
contrast  to  the  large  oscillations  in  S/N 
values  with  range  exhibited  hy  the  near 
critical  depth  sensor,  42S0  meters.  Because  of 
the  strong  convergence  zone  effects,  at  some 
ranges  the  critical  depth  sensor  has  higher  S/N 
values  than  the  shallower  phones,  ofton  by  as 
much  as  10  dll.  At  other  ranges  the  S/N  ratios 
for  the  shallower  phones  exceed  those  of  the 
critical  depth  phone.  This  S/N  advantage  of 
the  near  critical  depth  sensor  diminishes  with 
range  so  that  beyond  S00  miles  most,  if  not 
all,  of  this  advantage  is  lost  to  the  shallow 
sensors. 

(C)  At  long  ranges,  750  miles  to  1750 
miles,  and  where  information  Is  available,  the 
shallower  sensors  clearly  exhibit  S/N  ratios 
greater  than  that  of  the  deeper  sensors.  Of 
the  two  shallow  sensors,  the  one  at  2492  meters 
shows  higher  S/N  values  than  that  of  the  sensor 
of  '75  meters,  typically  by  J dli  to  5 dH,  (see 
Table  VII 1).  This  J dB  to  S dH  S/N  advantage 
of  the  2492  meter  sen-.or  over  that  of  the  near 
axis  sensor,  77S  meters,  is  true  for 

practically  all  ranges  and  frequencies. 

frequency  Dependence 

<C)  the  frequency  dependence  for  the  S/N 
ratios  occurring  for  these  Is  meter  SUS  is 
summarized  in  Table  Vtl.  lor  the  two 
shallowest  sensors,  775  meters  and  2492  meters, 
and  for  the  shortest  range  Interval,  (>0  miles 
to  ISO  miles  the  maximum  S/N  ratios  occur  for 
the  400  II:  data.  At  the  next  range  interval, 

250  miles  to  500  miles,  the  peak  S/N  ratio 
occurs  at  250  Ms.  For  ranges  beyond  500  miles 
the  maximum  S/N  values  usually  occurs  at 
100  II?.  For  the  two  deeper  hydrophones.  4250 
meters  and  5ISO  meters,  the  maximum  S/N  ratio 
it  almost  always  observed  at  loo  llz. 


TAB1.H  III  (C) 

I Differences  in  Decibols  between  S/N 
for  Hydrophone  at  2492  Meters  and  S/N 
for  Hydrophone  nt  77S  Meters  (S/N  at 
2492  ts  Minus  S/N  at  775  y.  (LI) 


Range 

Interval 

Miles 

Frequency 

, Hz 

12.5 

25 

50 

100 

160 

250 

400 

250-500 

3 

3 

4 

5 

4 

4 

2 

500-750 

5 

5 

7 

5 

5 

2 

7S0-1000 

5 

S 

4 

1000-1250 

5 

4 

3 

1250-1500 

3 

3 

1 

1500-1750 

2 

1 

0 

(U)  In  any  discussion  of  the  frequency 
dependence  of  the  S/N  ratio,  one  should  keep  in 
mind  the  fact  that  the  signal  levels  themselves 
contain  a strong  frequency  dependence.  For 
example,  referring  to  Table  I shows  that  the 
source  level  for  the  12.5  Hz  octave  band  is 
16  dB  greater  than  the  source  level  for  the 
400  Hz  octave  band.  If  the  source  levels  were 
the  same  for  all  the  frequency  bands  there 
would  be  »wo  effects.  First,  the  frequency  at 
which  tho  S/N  ratio  shows  a maximum  would  he 
shifted  towards  a higher  frequency.  For  some 
cases,  whore  the  maximum  occur;  at  160  Hz, 
normalizing  to  equal  source  levels  would  shift 
the  miximum  to  250  Hz.  Second,  the  difference 
In  S/N  ratios  between  high  frequencies  and  that 
at  low  frequencies  would  be  greater  than  that 
given  by  Table  VII.  For  example,  for  the 
2492  motor  hydrophone  at  the  range  interval 
from  500  miles  to  750  miles,  the  difference  in 
S/N  values  at  12.5  llz  ami  100  II:  is  only  4 dB. 
However,  from  Table  1 tho  source  level  at 
12.5  Hz  Is  9.4  dB  higher  than  that  at  100  Hz. 
Normalizing  to  the  same  source  level  across  the 
frequency  hand  would  yield  a S/N  difference  of 
15,4  dB  instead  of  4 dB  between  12.5  llz  and 
100  Hz. 
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APPENDIX  A 

PROPAGATION  1.0SS  VERSUS  RANGE  PLOTS 

tU)  The  propagation  loss  values  ■ versus 
range  in  nautical  miles  discussed  in  Soction  V 
are  given  in  Figures  A-l  through  A-7,  Each 
figure  consists  of  four  plots,  one  for  each 
hydrophone.  The  a-plots  are  for  the  shallowest 
sensor  at  775  meters,  b-plots  are  for  the  2492 
meter  sensor,  c-plots  for  the  42S0  meter 
sensor,  and  d-plots  for  5180  meter  sensor, 

(U)  For  the  portion  of  the  transmission  run 
where  the  SOS  were  deployed  from  a ship  with  n 
nominal  spacing  of  one  nautical  miles,  the 


propagation  loss  values  are  plotted  by 
connecting  the  values.  Discontinuities  in  the 
line  indicate  that  values  wore  editod-out.  The 
portion  of  the  run  where  the  SUS  wore  deployed 
from  aircraft,  and  the  spacing  is  about  eight 
miles,  the  propagation  loss  values  are  plotted 
as  unconnected  discrete  symbols. 

(U)  Each  plot  is  identified  by  the  caption 
in  the  upper  right  comer.  The  "BN2060"  refers 
to  the  USN  SILAS  BENT,  run  number  2,  which  was 
north  of  FLIP,  and  the  60  foot  source  depth. 
The  "H  1,"  "H  12,"  "H  15,"  and  "H  21"  are  the 
hydrophone  number  designations  and  are  followed 
by  the  hydrophone  depth  in  meters.  The  final 
entry  gives  the  geometric  mean  frequency  of  the 
filtor  band  and  whether  it  is  one-octave  or 
one-third  of  an  octave  wido. 
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Figure  A-4 


Figure  A-4 


Figure  A-6 
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APPENDIX  B 

DIFFERENTIAL  PROPAGATION  LOSS  VERSUS  RANGE  PLOTS 

(U)  The  differential  propagation  loss 
values  versus  range  plots  discussed  in  Section 
V are  given  in  Figures  B-l  through  B-7.  Each 
figure  consists  of  two  plots,  the  a-plots  are 
for  the  hydrophone  at  775  meters  and  the 
h-plots  are  for  the  hydrophone  at  7492  meters. 
The  differential  propagation  loss  values  are 
differences  between  the  prop  loss  at  the 
frequency  band  given  in  the  upper  right  corner 


and  the  prop  loss  for  the  50  lit  octave  band. 
The  straight  line  passing  through  the  data  i< 
the  least  squares  fit  to  the  values  occurring 
between  the  minimum  range  of  J00  miles  and  the 
maximum  range  of  1100  miles. 

(U)  As  was  the  case  for  the  propagation  loss 
plots  in  Appendix  A,  the  ship  deployed  portion 
of  the  run  are  plotted  by  connecting  points 
while  the  aircraft  portion  of  the  run  are 
plotted  as  discrete  symbols. 

(U)  As  in  Appendix  A each  plot  is 
identified  by  the  caption  in  the  upper 
right  corner. 
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APPENDIX  C four  plots,  one  for  each  hydrophone. 

(U)  The  ship  portion  of  the  run  is  again 
SIGNAL-TO-NOISE  RATIO  VERSUS  RANGE  PLOTS  depicted  by  lines  connecting  the  values  whereas 

the  aircraft  portion  of  the  run  is  given  by 
(U)  The  signal-to-average  ambient  noise  discrete  symbols. 

ratio  values  versus  range  plots  discussed  in  (U)  The  captions  in  the  upper  right  comer 
Section  VI  are  given  in  Figures  C-l  through  identify  each  plot  as  to  the  hydrophone  depth 

C-7.  As  in  Appendix  A each  figure  consists  of  and  frequency  band. 
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APPHNDIX  1) 

DIPPliRliNTlAI.  SIGNAl.-TO-NOlSU  RATIO  VliUSUS 
RANCH  PLOTS 

(»)  The  differences  in  S/N  for  the  three 
deeper  hydrophone  and  that  for  the  axis  hydro- 
phone, 775  meters,  are  plotted  versus  range  in 
figs.  1)-1  through.  0-7,  These  plots  wore 
discussed  in  Section  VI.  Positive  values  in 
the  S/N  difference  occur  where  the  S/N  ratio 


for  a particular  hydrophone  is  greater  than 
that  for  the  near  axis  hydrophone.  Haeh  figure 
consists  of  three  plots,  a-plots  are  S/N  at 
2492  meters  minus  S/N  at  775  meters,  b-plots 
are  S/N  at  4250  meters  minus  S/N  at  775  meters 
and  c-plots  are  S/N  at  5180  meters  minus  S/N  at 
775  Meters. 

(U)  The  designation  of  the  ship  portions 
and  aircraft  portions  of  the  run  together  with 
the  identity  captions  in  the  upper  right  corner 
are  identical  to  that  given  in  the  previous 
appendices. 
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Bell  Telephone  Laboratories 
1 Whippany  Road 
Whippany,  New  Jersey  07981 
Attn:  G.  Fox  (1) 

T.  Phillips  N (1) 

Hawaii  Institute  of  Geophysics  ' 

2S25  Correa  Road 
Honolulu,  Hawaii  96722 
Attn:  Director  (1) 

Dr.  M.  Odegard  (1) 


Planning  Systems,  Inc. 

7900  Westpark  Drive,  Suite  S07 
The  Honeywell  Center 
McLean,  Virginia  22101 
Attn:  Dr.-L.  P.  Solomon  (1) 

TRW  Systems  Group 
7600  Coleshire  Drive 
McLean,  Virginia  22101 
Attn:  Mr.  C.  C.  Carter  (1) 

R.  T.  Brown  (1) 

Tetra  Tech,  Incorporated 
Suite  601 

1911  N.  Ft.  Myer  Drive 
Arlington,  Virginia  22209 
Attn:  Mr.  C.  Dabney  (1) 

Texas  Instruments,  Inc. 

13S00  North  Central  Expressway 
Dallas,  Texas  75222 

Attn:  Mr.  A.  Kirst  (1) 


Tracor,  Inc.  (Rockville  Laboratory) 

1601  Research  Blvd. 

Rockville,  Maryland  20850 
' Attn:  Mr.  J.  Gottwald  (1) 

Mr.  R.  J.  Urick  (1) 

Underwater  Systems,  Inc. 

World  Building 
8121  Georgia  Avenue 
Silver  Spring,  Maryland  20910 
Attn:  Dr.  M.  Weinstein  (1) 

Xonics 

6849  Hayvcnhurst  Avenue 
Van  Nuys,  California  91406 
Attn:  Dr.  N.  Moise 

Director 

Advanced  Research  Projects  Agency 
1400  Wilson  Blvd. 

Arlington,  Virginia  22209 

Attn:  Program  Management  (1) 

STOIAC 
Battel le 
505  King  Avenue 

Columbus,  Ohio  43201  (1) 


Naval  Ocean  Systems  Center 
Code  4007 

San  Diego,  California  92152 
Attn:  Robert  R.  Gardner  (1) 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
875  NORTH  RANDOLPH  STREET 
SUITE  1425 

ARLINGTON  VA  22203-1995 

IN  REPLY  REFER  TO: 


5510/1 

Ser  32 1OA70 11/06 
31  Jan  06 


MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1 ) List  of  DECLASSIFIED  LRAPP  Documents 

1 . In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 


BRIAN  LINK 
By  direction 


Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

DISTRIBUTION  LIST: 

NAVOCEANO  (Code  N121LC  - Jaime  Ratliff) 

NRL  Washington  (Code  5596.3  - Mary  Templeman) 

PEO  LMW  Det  San  Diego  (PMS  181) 

DTIC-OCQ  (Larry  Downing) 

ARL,  U of  Texas 

Blue  Sea  Corporation  (Dr.Roy  Gaul) 

ONR  32B  (CAPT  Paul  Stewart) 

ONR  32IOA  (Dr.  Ellen  Livingston) 

APL,  U of  Washington 

APL,  Johns  Hopkins  University 

ARL,  Penn  State  University 

MPL  of  Scripps  Institution  of  Oceanography 

WHO  I 

NAVSEA 

NAVAIR 

NUWC 

SAIC 


Declassified  LRAPP  Documents 
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